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CEAIIG:^ in FNRCEIVED SI2SB and SHAf!E 


OF A HIGHLY LUMINOUS TABGET 
Richaxd F. Haines* 

Ames Research Center, HASA, Moffett FieM, California 



IHTOODtKJTlON 


Beveral visual phenoinena associated with environments including high 
luminance photic sources have heen reported: (a) changes in color, 

(h) 'brj^htness reversals, i (c) changes in tai^et size (irradiation phe- 
nomenon) ,'*“® (d) changes in target shape,'*"® and (e) ii^airment of visi- 
bility in adjacent visual areas Many of the studies deal with wore 

subjective and personalistic aspects of such enviroiiinents.^'"^ 

When one steadily fixates on a very bright object against an tmillu- 
minated background, a nuiriber of events occur ■which must be considered 
Wtien analyzing the observer's response(s) . The more inportant can be 
listed; (l) optical effects (e.g., reflection, refraction, absorption, 
scattering in and near the eye), (2) photochemical effects, (3) visual 
effects (e.g., raised threshold, ^tered color perceptions, reduced pupil 
diameter, accommodative changes, etc.), and ( 4 ) subjective effects (e.g., 
discomfort, veiling glare, halos, Ifeich bands, color changes, blxirred 
images, etc.). These effects are well dociamented in the literature; no 
insurmountable problems a.ppear to exist in. trying to explain or relate 
them. What needs to be done, however, is to relate such vistial eU'viron- 
ments to siAsegLuent subjective experiences. The subject of this paper 
is the quantification of perceived changes in size and shape of a very 
bri^t target, and their relation to associated stimuli. 

In the following discussion the word boundary refers to the physical 
target, and edge refers to the perceived termination of the target with 
its surro'unds. Likewise, the word form refers to the physical configura- 
tion of boundaries, and shape refers to the perceived configuration. 

The stimulus configuration of interest here is a "natural pT®ll 
limited" pencil of hi§d: luminance heterochromatic photic -flux impinging 
■upon one retina (dominant eye) of observers (o) having 20:20 vision 'and 
focused for infinity. Several questions arise: First, does the fixated- 

brl^t target tend to change in perceived size as suggested in previous 
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studies \ising less 'bright targets (the " irradiation gheno^non” )}*"’* 
second, does the target tend to change in perceived shape as one might 
expect on the basis of diffraction effects at the pupil,^° retinal image 
motion, and other evidence?^ ^ Ihese questions can be answered by using 
the following psychophysical technique aM apparatus. 


METHOD 


The following variables were investigated in the series of studies 
reported here: (l) target luminance, (2) target form, (3) target size, 
and (^) fixation position. 


Apparatus 

Figure 1 illustrates the facility used. The observer's eye (E) 
viewed the target (T) against an unilluminated background. The target 



was illuminated by a carbon-arc (O) solar simulator (58 oO°K) closely 
approximating the solar radiation curve outside the earth's atmospherej 
it held an Integrated radiant energy of approximately I76O This 

photic radiation was passed throu^ a collimating lens (C.L.) and reduced 
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"by an apertiire plate (a) to a diameter Just exceeding that of the target . 
The photic radiation that slipped past T ms captured by a light trap 
(L.T.)* Since all of the apparatus except the photic sowce and 0 were 
in a clean room (class 10 OOO ) , haclcscattering from dust particles ms 
negligible; this arrangement provided possibly the highest contrast and 
edge definition attainable in the laboratory situation. Ueutral density 
Inconel filters (f) were used to vary target and test spot (T.S.) lumi- 
nance and to reduce ultraviolet and infrared radiation. A tape controlled 
shutter (S) allowed precise repetition of trial intervals. An artificial 
pupil (P) ms used to reduce the field of view to 6° in diameter and yet 
allow the natural pupil to function as the limiting aperture. The pupil 
also reduced scatter within the sclera. The artificial pupil {h mm in 
diameter) ms accurately centered on the nattjral pupil by means of an 
adjustable biting board. 

The targets, milled steel plates with 20° back beveled edges, were 
coated with MgO to a thickness of at least 0.125 in. prior to testing. 

The sqmre target ms 0.88 in. on a side and 0.25 in. thick. The cir- 
cular target ms 4.00 in. in diameter and 0.25 in* thick. Each target 
was accurately moimted so that the line of sight (L.O.S.) from the eye 
through the exact center of the target would fall at the center of rota- 
tion (R) of a servocontrolled track-carriage assembly (Tr) . Since this 
track ms almys rotated in a plane perpendicular to the L.O.S. , any 
meridian of interest could be studied. (A meridian is the path taken by 
the T.S.) In the first study eight meridians , each 45° apart, were 
investigated for a square target. In the remaining studies only the 
horizontal (90° -270°) meridian ms studied. 

On every trial, except for the unilluminated target (control) condi- 
tion, radiant energy ms measured at the corneal plane with a silicon PR 
type photodiode and field effect transistor 

A 19Q0°K point source (test spot, T.S.) ms mounted on the movable 
carriage. It subtended 0°03'5^" and traveled at a constant velocity of 
0°08’20'’ per sec for all studies reported here (see arrows in Fig. 1 for 
T.S. direction). Its tungsten filament (I-I/2 V, 30 mA) produced a 
luminous intensity of I60 mlm. 

The T.S. ms used by each observer (o) to delineate the "apparent” 
halo surrounding (t) at various luminances. Biis ms done by having the 
observer (o) fixate the appropriate location (experimental variable) and 
move a spring toggle switch which caused the T.S. either to approach or 
recede from the target. The observer ms instructed to stop the T.S. 
immediately after it disappeared (IN trial.) or reappeared (OUT trial) . 
Since apparent target diameter ms of interest, both sides of the target 
were "plotted" using the method of limits, i.e., the mean of many IR and 
OUT trials for each side of the target. There is evidence that this tech- 
nique effectively cancels several types of response error .23~25 Further 
description of this technique can be found in Ref. 5* 

In Fig. 1, U and V are the "eclipse" points of the T.S. caiised by the 
target. If the T.S. were seen in this region, there must have been dif- 
fraction of the T.S. photic radiation at the target's boimdary. 
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Observers 

In the first and fourth studies two highly trained male observers 
were used (JP and 1K3) . In the second study, the author served as the 
observer euid, in the third study, JP, again served as the observer. One 
observer (BH) had 20:20 corrected vision while the other two observers 
had 20:15 and 20:20 uncorrected vision. Coni)lete ophthalmological exami- 
nations were given before and after these stixiies . 


Miscellaneot^ 

All means shown on the following figures and used in calculations 
are based upon 52 IW-OUT trials. An average testing session lasted 2 h. 
Order of target luminance and T.S. meridian was randomized within blocks 
of IN and OUT trials to preclude possible order effects. An alert tone 
(900 cps) sounded l/2 see before the stimulus onset. The total trial 
time was 30 sec . To stabilize pupillary area, the observer waited at 
least 10 sec after the shutter opened before making his setting. 

The retinal area stimulated by the target was assumed to be continu- 
ally alternating between a state of light and dark adaptation due to the 
short; periods of viewing and not viewing. The present light -dark-light 
(etc.) conditions would produce retinal adaptation changes best described 
by a sawtoothed negatively accelerating curve. It was also assumed that 
after about four trials the light adaptation level reached was essentially 
complete, i.e., adaptation fluctuations would be minimal thereafter 


RESULTS 


Figures 2 and 3 present the results of the first study in which eight 
meridians and four target luminances were investigated. It is apparent 
that target size and shape are not functions of luminance when the contrast 
ratio of a T.S. and target does not change.* In general, the straight 
portions of the edge tended to contribute relatively more irradiation than 
the comers; to all observers the brighter targets appeared slightly rounded 

For all remaining figures, any data point lying above the horizontal 
(control) line represents the irradiation phenomenon. This line represents 
the visual angle subtended by the uni llumlnated edge; it corresponds closely 
with the actual boundary.** Each data point is tabulated with plus or 
minus one standard deviation. The target as seen by the observer is shown 
schematically in the upper portion of each figure with the irradiation 
region shaded-. 


^Neutral filters positioned between the eye and the target reduced T.S. 
and target Iimainance by the same amount. 

*^if fraction effects account for the slight deviations between the 
two plots. 
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The results from the second study are shown in Fig. 4, Six target 
lumiiwmces (A through F) and an unillumimted control (g) were investigated 
for a single (90°-270°) meridian to quantify changes in target width. The 
irradiation effect yielded magnit\jdes up to almost 17 ' arc. 

The results of the third study are shown in Fig. 5* The observer fix- 
ated either the target center (W through Z) or the T.S. (A through D) . 

Note that on each T.S. fixation trial the retinal image of the target 
sweeps across an area dependent upon the starting position of the T.S. 
for that trial. This starting position was randomly varied on each trial 
within a region which ranged from 45' to l-l/4° are from the edge. Irradia- 
tion magnitudes up to 10' arc were found (see data points A through E) . 

Figures 6 and 7 present the results from the fourth study for two 
observers. In each figure, the magnitude of irradiation is relatively 
constant for all the target limiinances. As can be seen in Figs. 6 and 7 
relatively little irradiation was produced by the highest luminance and 
parafoveal target for both observers. 


DISCUSSION 


Purely on the basis of physical optics it can be said that if the 
T.S. is outside of points (u) and (V) in Fig. 1 (i.e., outside of the 
shaded region) and is not perceived, the contrast ratio between it and 
the immediate surround is zero. The essential question then becomes, at 
what location in the visual field surrounding a very bright target does 
this contrast ratio become zero? This question formed the basis for the 
present methodology, the results of which located this zero contrast region. 

In the present study, the very high photic energy is not confined to 
the retinal image of the target but forms a tapered distribution due to 
entoptic scattering Figure 8 is a frontal view photograph of three 
different target forms (left to right: circle, square, triangle) of high 

luminance (lO 000 ft-L) that illustrates approximately what all observers 
said they saw. 

The entoptic scatter leads to other considerations which are diagrammed 
below. Figure 9, a plot of the photic energy distribution on the retina 
with and without scatter (produced by an extended target), shows that the 
sensation curve* (points a, p, 7 , 5, and e) does not correspond to the 
retinal energy distribution, but rather it defines the resultant visibility 
curve for a given T.S. luminance. Presumably, it taJses into account entop- 
tic Stray light and neural interaction effects. If the target is symmetrical, 
y - 7 represents the half -width of the target. The luminance at the target 
center is represented by Aj. Figure 9 is adapted from Refs. 30 and 32. 

Since the retinal image of the target was not stabilized, it fell 
upon a larger number of cones than it would otherwise .3° Electrooculograms 
(E.O.G.) were recorded during testing to assess the magnitude of eyeglobe 
motions. Their average magnitude was under 20' arc, the best resolution 

*The well-known curve is associated with Mach band effects; a dis- 
cussion of them can be found in Refs. 30 and 31. 
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attainable. Assuming ocular motion about a tbeoretically "perfect” point 
of half this amount, one could account for the present irradiation results. 
The following discussion will attempt to show that the present psycho- 
physically determined data on magnitude of irradiation can be e3g)lained 
on the basis of retinal image instab ility.®®^®^ The question of change 
in target shape is treated later. 


Figwe 10 illustrates, schematically, the supposed effect upon T.S. 
visibility of one dimensional target image motion due to various eyeglobe 
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Fig. 10.- Effects of a linear translation of the sensation curve. 

motions. The y axis (left side) represents the amount of photic flixx 
falling upon the retina. Range r represents the perceived target-to- 
background luminance range . 

Three sensation curves are shown. The solid curve is the mean and 
the two dashed curves are the translation limits for a target image 
motion of magnitude ±a. 

The three horizontal dashed lines represent the three visxjal thres- 
holds for T.S. produced by the three "sensation curves." When the T 
image moves to the right of the mean position t, it produces the momen- 
tary sensation curve (a, u, e), and the threshold (Th) at 7 rises by 
an amount Ath. Likewise, -when the T image moves, to the left of t, 
the threshold drops by an amount Ath* . These threshold fluctuations 
should produce a retinal area within which the T.S. can be seen accu- 
rately with a theoretical probability indicated by the heavy dashed 
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line.* The 50$^ point should lie at y.** It is apparent that the greater 
the magnitude of T image motion (a and a') the less will te the slope 
of this probability curve. 

On the basis of E.O.G. records obtained during this series of studies, 
it is presumed that T image motion is the primary cause of the effective 
expansion (irradiation) of T. Saccadic motion lap to 10' arc for periods 
of 3 'fco ^ sec is not uncommon^^^®^ and could definitely lead to receptor , 
thresholds high enough to keep the T.S. from being seen until either the 
threshold drops or mtil the T.S. retinal image position is farther from 
the T image. This analysis does not rule out other supposed causes of 
irradiation, but it does provide a reasonable explanation that is con- 
sistent with the data. 

Another explanation of irradiation involves supposed neural inter- 
action. It suggests that an integration of receptor output occxirs 
within the retina and/or higher centers. If the fovea does have single 
synaptic connections with the optic tract,"^ however, such neiiral spread- 
ing of the T image must occur farther along the visual system. The 
targets in the first and second studies were below 1° in angular sub- 
tense and were foveally fixated; therefore, neural interaction would be 
expected to be minimal under these conditions. It is likely, however, 
that scattered photic flux from the high luminance T fell upon 
parafoveal regions. 

Both light and dark Mach bands were observed by all observers. 

The T.S. usually did not disappear on IN trials until it was well into 
the dark Mach band region. This raises an important question, viz., 
whether or not the dark Mach band is an area of greatly raised threshold. 

Regarding the change in T shape, it must be noted that the total 
viewing time of each trial was l8 sec . This duration wotild be sufficient 
to stabilize pupillary area, light adapt the retina to some relatively 
constant amount (see Fig. lO), and allow the observer enough time to locate 
T.S. and make his setting. The artificial pupil only restricted the 
field of view and controlled scleral sources of scatter. It did not act 
as the limiting aperture. 

One explanation of the apparent rounding phenomenon involves the 
follow ing reasonlr^. In the above disctission (see Fig. lO) , only linear 
image motion was treated. Actually the retinal image of the target moves 
in two dimensions, and a tenporal-spatial analysis must be performed. 

To illustrate this. Fig. 11 presents a square target (heavy outline), 
with lines of fixational sweep (light dashed lines) originating from the 
theoretically “perfect” point of fixation with constant magnitude r' . 

If one plots the new adaptation contour dtie to fixations along each 
dashed line corresponding to eyeglobe motion having an ajiplitvide r', 
the resxjlt is a slightly rounded target (indicated by the heavy dashed 
line) . This adaptation contour is remarkably similar to the results 
plotted in Figs. 2 and 3 aod obtained in previous work.^ When triangular 
and rectangular forms are analyzed in this way the results are very 
similar to those obtained in previous research.^ 

*This will occur as long as T.S. luminance is within rsinge r. 

♦^This definition of threshold is commonly used for a two-choice task. 
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Fig. 11,- Effect of two-dimensional target image motion (under 

volujitary fixation) • 


The validity of this explanation rests upon several assumptions: 

(l) that visual fixation occurs radially from the center of the target 
with about the same ainplitude on each sweep, and (2) that all fixational 
sweeps are completed before the adaptation level changes significantly.* 

Another explanation exists for the apparent rounding of the target. 
It is well known in physical optics that the Fraunhofer diffraction 
pattern maximum produced by a small hexagonal or circular aperature is 
quite rounded for a point source It is possible that the changes in 
target shape observed in this investigation are the result of s-uch a 
diffraction pattern upon the retina produced by the pupil and small 
square target . Present stimulus conditions could produce such a pattern 
even with an extended source because of the relatively large viewing 
distances involved. It is suggested that the resultant area of eqxial 
(and highest) retinal adaptation produced by such an aperture and square 
target would be a "rounded” square with cutoff comers . Further investi- 
gations are under way to quantify these effects . 


In this context, significantly refers to the degree to which the 
adaptation state affects visibility for T.S. at that point in time. 
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SUMMARY 


When very bright small targets are f oveally fixated against an 
unilluminated baclsgroynd, they appear larger aiwi rounder than they 
actually are. !The effective expansion in size is called iiradlation and 
is explained as being at least partially due to Involuntary ocular motions 
(e.g., saccades, flicks, etc.) ^fliich cause the target's retinal image to 
light adapt a larger number of retinal receptors than otherwise. It is 
suggested that the magnitude of irradiation is not related to target 
luminance as much as to the magnitude of the target's retinal image 
motion. It is possible that the two interact, however. 

If it can be ass-umed that one's fixation occtirs along a radial pattern 
originating at the center of the target, with relatively constant sweep 
magnitude, then the present results can be explained. A second hypothesis, 
however, suggests that the rounded target appearance is the result of a 
diffraction effect at the pupil. The determination of the exact cause of 
this change in target appearance must await further investigation. 
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